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Background/Aims
Impedance-pH monitoring allows detailed characterization of gastroesophageal reflux and esophageal activity associated with 
reflux. We assessed the characteristics of nocturnal reflux and esophageal activity preceding and following reflux. 
Methods
Impedance-pH tracings from 11 healthy subjects and 76 patients with gastroesophageal reflux disease off acid-suppressive 
therapy were analyzed. Characteristics of nocturnal supine reflux, time distribution and esophageal activity seen on impedance 
at 2 minute intervals preceding and following reflux were described. 
Results
Patients had more nocturnal reflux events than healthy subjects (8 [4-12] vs 2 [1-5], P = 0.002), with lower proportion of 
weakly acidic reflux (57% [35-78] vs 80% [60-100], P = 0.044). Nocturnal reflux was mainly liquid (80%) and reached the 
proximal esophagus more often in patients (6% vs 0%, P = 0.047). Acid reflux predominated in the first 2 hours (66%) and 
weakly acidic reflux in the last 3 hours (70%) of the night. Most nocturnal reflux was preceded by aboral flows and cleared 
by short lasting volume clearance. In patients, prolonged chemical clearance was associated with less esophageal activity. 
Conclusions
Nocturnal weakly acidic reflux is as common as acid reflux in patients with gastroesophageal reflux disease, and predominates 
later in the night. Impedance-pH can predict prolonged chemical clearance after nocturnal acid reflux.
(J Neurogastroenterol Motil 2011;17:148-157)
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Introduction
Nocturnal acid gastroesophageal reflux can induce sleep dis-
turbances, as well as decreased health-related quality of life and 
increased risk of esophageal and respiratory complications.
1-8 In 
addition, nocturnal acid reflux has been associated with more se-
vere esophageal mucosal damage, such as peptic stricture
9 and 
adenocarcinoma.
10
As a group, patients with gastroesophageal reflux disease 
(GERD) have more frequent nocturnal acid reflux than healthy 
controls, which is a difference that cannot be explained by abnor-
mal sleep patterns.
11 In healthy subjects, nocturnal acid reflux is 
very rare and occurs during transient lower esophageal sphincter 
relaxations (TLESRs).
12 In patients with GERD, nocturnal acid 
reflux may occur during TLESRs but other mechanisms such as 
free reflux (during absent lower esophageal sphincter [LES] 
pressure) or straining (during low LES pressure) are considered 
to be more relevant, particularly in the presence of hiatal hernia.
13 
So far, studies assessing nocturnal reflux have focused on 
acid events. More recently, studies using 24 hour impedance-pH 
monitoring described the occurrence of nocturnal weakly acidic 
reflux. These studies found very low frequency of nocturnal 
weakly acidic reflux in healthy subjects. The prevalence of noc-
turnal weakly acidic reflux in GERD patients “off” proton pump 
inhibitor (PPI) was low compared to that of acid reflux, however, 
patients “on” PPI could still have significant number of noctur-
nal weakly acidic reflux.
14-18
The mechanisms involved in the occurrence of nocturnal re-
flux and the subsequent clearance of the refluxate are not com-
pletely elucidated. In most reflux episodes, including those dur-
ing TLESRs, previous short arousals seem to be mandatory.
11 
Esophageal clearance of nocturnal reflux depends mainly on pri-
mary and less so on secondary peristalsis.
12,19 Recent studies us-
ing actigraphy combined with pH monitoring revealed that most 
episodes of nocturnal acid reflux occurred during recumbent- 
awake and not the recumbent-asleep period, suggesting sleep to 
be suppressive of acid reflux.
20,21
Previous studies have assessed the sleep pattern and esoph-
ageal activity preceding nocturnal acid reflux using esophageal 
manometry-pH measurements during nocturnal electroence-
phalogram monitoring.
11,12 Clearance of acid reflux has been 
studied with conventional pH-metry.
22,23 Esophageal impedance- 
pH monitoring allows continuous assessment of nocturnal esoph-
ageal antegrade and retrograde bolus movements. In this way, it 
is possible to assess (1) spontaneous or swallow induced esoph-
ageal activity preceding nocturnal reflux, (2) the occurrence of re-
flux and its characteristics and (3) the pattern of volume and 
chemical clearance after nocturnal reflux.
The aim of this study was to re-assess nocturnal gastro-
esophageal reflux using impedance-pH monitoring focusing on 
(1) prevalence and characteristics of nocturnal acid and weakly 
acidic reflux and (2) the preceding esophageal activity and the 
clearance mechanism following nocturnal reflux.
Materials and Methods
Subjects
In this cross-sectional study, nocturnal reflux was assessed in 
76 GERD patients and in 11 asymptomatic healthy subjects. To 
be included, patients and healthy subjects needed to have at least 
1 nocturnal reflux episode detected during impedance-pH 
monitoring. Patients were studied “off” acid-suppressive therapy, 
at least 7 days after the drug withdrawal. They had diurnal heart-
burn and/or acid regurgitation as predominant symptoms, com-
bined or not with atypical symptoms, such as chronic cough, 
chest pain, hoarseness and asthma. The presence of nocturnal 
symptoms was not a pre-requisite. Patients were classified as hav-
ing normal total acid exposure, increased upright or increased 
bi-positional acid exposure. Increased acid exposure was defined 
as the percentage with pH ＜ 4,  ＞ 4.2% (total), ＞ 6.3% 
(upright) or ＞ 1.2% (supine).
24 Healthy volunteers denied his-
tory of heartburn and acid regurgitation.
The study was conducted according to the rules of the 
Helsinki declaration and was approved by the local ethical 
committee.
Impedance-pH Monitoring
This procedure was performed using a Sleuth
Ⓡ ambulatory 
system (Sandhill Scientific, Inc, Highland Ranch, CO, USA). 
The equipment includes a portable data-logger with im-
pedance-pH amplifiers and catheters containing 2 antimony pH 
electrodes (15 cm apart) and 8 impedance electrodes (2, 4, 6, 8, 
10, 14, 16 and 18 cm from the tip of the catheter). Each pair of 
adjacent electrodes represents an impedance-measuring segment, 
2 cm in length, corresponding to 1 recording channel. The im-
pedance amplifier delivers AC voltage in a range of 1-2 kHz with 
resulting current flow variations in response to intraluminal im-
pedance changes. Tracings were uploaded onto a personal com-Fernando Fornari, et al
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Figure 1. Esophageal activity before and after nocturnal reflux. (A) Aboral flow before and silent activity (no flow) after an episode of weakly acidic 
reflux. (B) Non-specific activity preceding and aboral flow following a weakly acidic reflux. LES, lower esophageal sphincter.
puter and displayed on a single screen for computer assisted manual 
analysis (Bioview Analysis
Ⓡ, version 5.0.9, Sandhill Scientific, 
Inc).
The catheter was passed through the nose under topical anes-
thesia and positioned in the esophageal body to record pH at 5 
cm above the manometrically determined LES, and impedance at 
3, 5, 7, 9, 15 and 17 cm proximal to the LES. The distal pH sen-
sor was positioned in the gastric lumen, 15 cm below to the 
esophageal pH sensor. Subjects were encouraged to maintain 
normal daily activities, eat usual meals and remain upright during 
the day. A diary card was provided to record meal times, posture 
changes and symptoms.
Data Analysis
Definition and characterization of nocturnal reflux
We first analyzed some characteristics of nocturnal supine 
period in both GERD patients and controls, including interval 
between dinner and bedtime, and total duration of nocturnal su-
pine period. We subsequently identified manually all episodes of 
nocturnal reflux, including the 2 minute tracings preceding and 
following each episode. 
Nocturnal reflux was defined as any kind of reflux event de-
tected by impedance-pH monitoring during the nocturnal supine 
period as referred by the patient in the diary. Gastroesophageal 
liquid reflux was defined as a retrograde 50% drop in impedance 
starting distally and propagating to at least the more proximal im-
pedance measuring segment. Gas reflux was defined as a rapid (3 
kΩ/sec) increase in impedance ＞ 5 kΩ, occurring simulta-
neously at least in 2 esophageal measuring segments, in the ab-
sence of swallowing. Mixed liquid-gas reflux was defined as gas 
reflux occurring immediately before or during a liquid reflux. 
Gas reflux events without liquid were not considered in the 
analysis.
Changes in esophageal pH during reflux detected by im-
pedance allowed classification of acid reflux when pH fell from 
above to below 4, and weakly acidic reflux when pH fell at least 1 
unit but remained above 4. Events of weakly alkaline reflux (pH 
＞ 7) were excluded due to its rarity. For each reflux event we 
measured acid exposure, bolus exposure (5 cm above LES) and 
proximal extent (15 and 17 cm above LES). 
Nocturnal reflux events could be isolated or occur immedi-
ately after a swallow. Post-swallow reflux was diagnosed if liquid 
retrograde flow started at least 5 seconds after the complete re-
covery of swallow induced impedance changes.
In GERD patient, the supine nocturnal period was sub-
divided in 1 hour intervals. Each interval was scanned for reflux 
episodes. The distribution of reflux events per hour during noc-
turnal period was analyzed from pooled data from all GERD 
patients. Healthy controls had little number of nocturnal reflux 
events to allow such characterization.
Esophageal activity before and after nocturnal reflux
Esophageal activity as detected by impedance during the 2 
minute interval preceding and 2 minute interval after the start of a 
reflux event was classified as follows (Fig. 1): (1) aboral flow: im-
pedance drop and recovery starting in the most proximal measur-
ing segment (17 cm above LES) and propagating at least 2 distal 
segments (15 and 9 cm above LES), (2) reflux: another episode 
of reflux, (3) non-specific: unstable impedance tracing without 
features of antegrade or retrograde flow and (4) silent: neither 
flow nor impedance instability.
Clearance activity after reflux was analyzed as follows: (1) bo-
lus clearance at 5 cm above LES was assessed from the im-
pedance tracing and defined as time from 50% impedance drop 
to 50% impedance recovery, related to impedance baseline and Nocturnal Reflux Revisited by Impedance-pH
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Figure 2. Prevalence and characteristics of supine nocturnal reflux in healthy subjects and patients with gastroesophageal reflux disease (GERD). (A)
The total number of nocturnal reflux was significantly higher in GERD patients. (B) Healthy subjects had the majority of nocturnal events represented
by weakly acidic reflux. In comparison, GERD patients had significantly more acid reflux. Central values are expressed as median. GER, 
gastroesophageal reflux. 
Table. Characteristics of Patients With Gastroesophageal Reflux 
Disease and Healthy Volunteers
GERD 
patients
(n = 76)
Healthy
volunteers
(n = 11)
P-value
Age in years (mean ± SD) 49 ± 12 46 ± 13 0.335
Women (n [%]) 47 (62) 5 (46) 0.744
Symptoms (n [%])
   Heartburn
   Regurgitation
   Atypical
a
27 (36)
15 (20)
34 (44)
−
−
−
aAtypical reflux symptom combined with heartburn and/or regurgi-
tation.
GERD, gastroesophageal reflux disease.
(2) acid clearance was assessed from the pH tracing and defined 
as the interval between changes in pH from below to above 4.
Statistical Analysis
Data which refer to healthy subjects and patients were de-
scribed after per-individual analysis or when otherwise stated, 
whereas data regarding reflux episodes were described after 
pooled analysis. Quantitative variables were first tested for 
Gaussian distribution. Data are expressed as median and inter 
quartile range (25%-75%) or when otherwise stated. Unpaired t 
test, Mann-Whitney test and Wilcoxon signed-rank test were 
employed when appropriate. Categorical variables were analyzed 
using Chi-square test. Differences in distribution of nocturnal re-
flux were evaluated using Chi-square goodness-of-fit test for total 
reflux analysis and Chi-square tests followed by adjusted re-
siduals analyses for comparisons between acid and weakly acidic 
reflux events. A P-value ＜ 0.050 was accepted as indicating 
significance.
Results
Characteristics of Subjects and Supine Nocturnal 
Period
GERD patients and healthy subjects did not differ in regard 
to gender and age (Table). Chief complaint was a combination of 
typical and atypical reflux symptoms, followed by isolated heart-
burn or acid regurgitation. 
The mean interval between dinner and bedtime (start of noc-
turnal supine period) was 4 hr 8 min ± 1 hr 33 min in healthy 
subjects and 3 hr 48 min ± 1 hr 18 min in GERD patients (P = 
0.453). The average duration of nocturnal supine period was 8 hr 
9 min ± 48 min in healthy subjects and 8 hr 31 min ± 1 hr 5 min 
in GERD patients (P = 0.276).
Prevalence and Characteristics of Nocturnal 
Reflux
The median number of nocturnal reflux was 2 (1-5) in 
healthy subjects and 8 (4-12) in GERD patients (P = 0.002) Fernando Fornari, et al
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Figure 3. Distribution of nocturnal reflux in patients with gastroesophageal reflux disease (GERD). (A) Reflux events in 8 hours of the supine 
nocturnal period. Reflux was significantly more frequent in the first hour and significantly less numerous in the fifth and sixth hours (*P ＜ 0.001).
(B) Distribution of weakly acidic and acid reflux in GERD patients. Acid events predominated in the first 2 hours whereas weakly acidic reflux became
more common in the last 3 hours of the nocturnal period (*P ＜ 0.001). GER, gastroesophageal reflux.
(Fig. 2A). GERD patients had significantly more reflux events 
per hour compared to controls (0.9 [0.5-1.4] vs 0.3 [0.1-0.6], P  = 
0.003). At per-individual analysis, healthy subjects had a median 
(interquartile range 25%-75%) of 20% (0%-40%) of acid and 
80% (60%-100%) of weakly acidic reflux. In contrast, GERD 
patients had 43% (22%-65%) of acid and 57% (35%-78%) of 
weakly acidic reflux (P = 0.044) (Fig. 2B). Thus, GERD pa-
tients had a lower proportion of weakly acidic reflux compared to 
controls. Most nocturnal reflux was pure liquid both in controls 
(100% [75%-100%]) and in patients (76% [44%-100%]). 
Taking all subjects, 80% of reflux events were pure liquid. 
A similar proportion of nocturnal reflux reached 15 cm above 
the LES in GERD patients and controls (33% [20%-50%] vs 
20% [0%-50%], P = 0.671). Nocturnal reflux reached the most 
proximal impedance segment (17 cm above LES) more often in 
GERD patients than in controls (6% [0%-29%] vs 0% [0%- 
0%], P = 0.047).
In GERD patients, acid reflux reached more often the prox-
imal esophagus (15 cm above the LES) compared to weakly acid-
ic reflux (50% [17%-75%) vs 17% [0%-50%], P ＜ 0.001). The 
majority of acid reflux (98%) and weakly acidic reflux (87%) oc-
curred with a gastric pH < 4, measured in the fundus-corpus ap-
proximately 5-7 cm distal to LES.
Distribution of Nocturnal Reflux 
We examined a total of 600 reflux events that occurred in the 
first 8 hours of the nocturnal supine period of GERD patients. 
Reflux was significantly more frequent during the first hour and 
less numerous in the fifth and sixth hours of the nocturnal period 
(P ＜ 0.001) (Fig. 3A). During the first 2 hours, acid reflux was 
significantly more frequent than weakly acidic reflux, which be-
came predominant in the last 3 hours (P ＜ 0.001) (Fig. 3B).
Patients with normal total acid exposure had mostly weakly 
acidic reflux during the whole nocturnal supine period, whereas 
patients with abnormal acid exposure in upright position had pre-
dominance of acid events in the first 2 hours. Patients with bi-po-
sitional increased acid exposure had predominant acid reflux dur-
ing the first 6 hours, changing to weakly acidic reflux in the last 2 
hours of the nocturnal period (Fig. 4).
Esophageal Activity Preceding Nocturnal Reflux
The esophageal activity detected by impedance on 2 minute 
interval preceding nocturnal reflux was similar between acid and 
weakly acidic events. In the pooled analysis, the majority of noc-
turnal reflux was preceded by episodes of esophageal aboral flow 
both in healthy subjects (78%) and GERD patients (74%). A si-
lent interval was observed in 14% and 11% of the respective 
cases. A second reflux episode occurred in 3% and 6% of cases, 
whereas non-specific changes occurred in 5% and 9% of cases 
respectively. 
Esophageal Activity After Nocturnal Reflux
Median bolus clearance in the pooled analysis of all reflux 
was similar in GERD patients and controls (16 [13-19] vs 16 Nocturnal Reflux Revisited by Impedance-pH
153 Vol. 17, No. 2 April, 2011 (148-157)
Figure 4. Distribution of nocturnal reflux in patients with gastroeso-
phageal reflux disease with different degrees of acid exposure (AE). 
(A) Patients with normal AE had mostly weakly acidic reflux during 
the whole nocturnal supine period. (B) Those with upright increased 
AE had predominance of acid events in the first 2 supine hours. (C) 
Patients with bi-positional increased AE had predominant acid reflux 
during the first 6 hours and weakly acidic reflux in the last 2 hours.
[12-19] sec, P = 0.793). In GERD patients, acid reflux had 
longer bolus clearance compared to weakly acidic reflux (18 
[12-25] vs 16 [11-20] sec, P ＜ 0.001). Acid clearance lasted 
significantly longer than bolus clearance in both patients (44 
[12-133] vs 18 [12-25] sec, P  ＜ 0.001) and controls (37 
[12-88] vs 10 [7-14] sec, P ＜ 0.005). In patients with increased 
nocturnal acid exposure, such differences were much more pro-
nounced (68 [21-182] vs 17 [12-26] sec, P < 0.001).
The esophageal activity detected by impedance during the 
2-minute period after acid reflux was compared between reflux 
events with short (＜ 102 sec) and prolonged (＞ 102 sec) acid 
clearance (95th percentile of acid clearance in controls = 102 
sec). Bolus clearance did not differ between events with short and 
prolonged acid clearance (17 [11-22] vs 18 [12-27] sec, P = 
0.201). However, episodes of aboral flow were significantly less 
frequent following reflux events with prolonged acid clearance 
(59% vs 79%, P < 0.010). 
Esophageal acid clearance changed along the supine noctur-
nal period (Fig. 5). Acid clearance was significantly longer in the 
interval between the third and fifth hour and this was not due to 
differences in bolus clearance but rather associated with sig-
nificantly less post-reflux aboral activity.
Discussion
We hypothesized that by using impedance-pH monitoring, it 
would be possible to assess spontaneous or swallow induced 
esophageal activity preceding nocturnal reflux, as well as the Fernando Fornari, et al
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Figure 5. Distribution of nocturnal acid clearance and corresponding patterns of post-reflux esophageal activity. (A) Acid clearance was significantly
longer for acid reflux identified in the interval between the third and fifth hour after lying down. *P ＜ 0.050 vs 1-2 and ＞ 5. (B) Silent esophageal
activity seen at impedance after acid reflux was significantly more frequent starting from the third hour after lying down. *P ＜ 0.050 vs 1-2.
prevalence and characteristics of reflux events, and the patterns of 
volume and chemical clearance after nocturnal reflux. For this 
purpose, we carefully re-assessed impedance-pH tracings from 
healthy subjects and GERD patients off PPI.
Our main findings were: (1) weakly acidic reflux represented 
most of nocturnal reflux events in healthy subjects and half of epi-
sodes in GERD patients; (2) in both groups, nocturnal reflux 
was composed mainly by pure liquid, but reached the proximal 
esophagus more often in patients; (3) total nocturnal reflux was 
more numerous in the first hour of the supine period, with pre-
dominance of acid reflux earlier and weakly acidic reflux later in 
the night; (4) pre-reflux esophageal activity detected by im-
pedance was characterized mainly by aboral flows; (5) post-reflux 
activity determining bolus clearance time was similar between 
controls and patients or weakly acidic and acid reflux; and (6) in 
GERD patients, prolonged chemical clearance after acid reflux 
was associated with less esophageal activity seen at impedance, 
particularly in the middle of the night.
Weakly acidic reflux is believed to occur mainly after meals, 
when the gastric environment is buffered by food. In GERD pa-
tients under acid-suppressive therapy, weakly acid reflux replaces 
acid events and follows the conventional distribution of re-
flux.
25,26 Although nocturnal weakly acidic reflux has been de-
scribed as an uncommon event, few studies have formally ad-
dressed this issue. In the present study, weakly acidic reflux rep-
resented the majority of nocturnal reflux events identified in 
healthy subjects and half of reflux episodes in GERD patients. 
Recent studies in healthy subjects have shown that weakly acid 
reflux corresponds to approximately 50% of all nocturnal 
reflux.
16,17,27 Orr et al
15 reported lower rates of nocturnal weakly 
acidic reflux in a small group of GERD patients off PPI. In that 
study, the authors attempted to induce more nocturnal acid reflux 
by employing a late-evening provocative meal. GERD patients 
consuming a late-evening meal were demonstrated to have sig-
nificantly greater supine acid reflux compared when they ate 
earlier.
28 The fact that our patients had dinner 4 hours before 
bedtime on average can explain such differences and support a 
clinical benefit in avoiding late-evening meals.
Nocturnal reflux was composed mainly of liquid in both pa-
tients and controls. This observation is in agreement with other 
studies in healthy subjects
16,17 and GERD patients.
25 It is known 
that reflux composition varies if patient is lying down or standing. 
In supine position, liquid reflux is favored by movement of the 
gastric bubble far from the cardia.
29 Supine position may also in-
fluence the frequency by which reflux reaches the proximal 
esophagus. We found that GERD patients had more reflux epi-
sodes reaching the very proximal esophagus (17 cm above the 
LES) than controls, particularly for acid reflux. In contrast to 
nocturnal reflux, a study using impedance-pH monitoring found 
no difference comparing proximal extension of diurnal acid and 
weakly acidic reflux.
16 It must be mentioned that the occurrence 
of acid reflux reaching the proximal esophagus during the supine 
nocturnal period may be a contributing factor for extra-esophageal 
manifestations in GERD patients.
30,31 The employment of im-Nocturnal Reflux Revisited by Impedance-pH
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pedance-pH monitoring might be useful in recommending ele-
vated head in GERD patients with proximal reflux. 
Nocturnal acid reflux has been described as an early event by 
studies employing standard pH monitoring.
32,33 By using im-
pedance-pH monitoring, we not only confirmed this observation 
but also showed that weakly acid reflux is increasingly prevalent 
later in the night. The mechanisms and clinical relevance of this 
finding are unclear. Marshall et al
34 described that GERD pa-
tients had less acidified bile reflux occurring with increased fre-
quency throughout the night, particularly in the presence of re-
flux esophagitis. Studies on circadian gastric secretion have 
shown that both gastrin levels and acid output increases sig-
nificantly late in the evening and decreases early in the morning, 
when high pH values are identified in the gastric corpus.
35-38 
Such pattern of nocturnal gastric secretion partially explains the 
predominance of weakly acidic reflux in the later part of the 
night.
In our study, impedance analyses opened the possibility to 
identify different patterns of esophageal activity associated with 
nocturnal reflux. In the 2 minute interval preceding reflux, aboral 
flow was the most common observed pattern of esophageal 
activity. During the sleep, sparse aboral flows were likely to rep-
resent saliva deglutition drive by esophageal peristalsis.
19 Based 
on the fact that deglutition depends on arousals, our findings are 
in accordance with the general belief that arousals play an im-
portant role in the pathophysiology of nocturnal reflux.
6 There-
fore, pre-reflux aboral flows seen at impedance might be a marker 
of arousals, which could allow TLESRs, the major mechanism 
involved in nocturnal reflux.
11,12 Recent studies using actigraphy 
technology have indicated that nocturnal reflux occurs primarily 
after an awakening episode.
21 A clinical implication of these find-
ings includes a potential benefit of TLERs inhibitors, such as 
baclofen.
39 
The ability of esophagus to clear reflux bolus was similar be-
tween controls and patients. This was also observed on compar-
ing acid with weakly acidic reflux. Moreover, GERD patients 
had longer bolus clearance after acid reflux compared to weakly 
acidic reflux, which might be explained by increased reflux vol-
ume and delayed esophageal response after acid reflux.
40 From 
studies using conventional pH monitoring, it has been demon-
strated that GERD patients with severe ineffective esophageal 
motility have higher probability of prolonged clearance after su-
pine acid reflux.
41 In our study, the absence of data regarding 
esophageal body motility precluded the correlation between motor 
performance and bolus clearance of nocturnal reflux. Neverthe-
less, we were able to assess the effect of post-reflux esophageal ac-
tivity seen at impedance on the process of chemical clearance after 
nocturnal acid reflux. In agreement with the 2-step process de-
scribed by Helm et al,
42 in which chemical clearance was initiated 
by esophageal peristaltic response and completed by saliva deglu-
tition, we found an association between less aboral flow, in-
terpreted as decreased saliva transport, and more prolonged 
chemical clearance in GERD patients. This phenomenon was 
more evident in the intermediate hours of the nocturnal period. 
Conversely, most of acid reflux events identified in the first 2 
hours of the period had aboral flows during the process of pH re-
covery, suggesting that either patients were awake or the vigilance 
system of the esophagus to acid reflux varies in different sleep 
stages.
43-45 In support of the first hypothesis, a recent study using 
actigraphy to monitor physical activity during the supine noctur-
nal period has shown that most nocturnal reflux events occur dur-
ing recumbent-awake and not the recumbent-asleep period.
20
The finding that nocturnal weakly acidic reflux was more fre-
quent than expected raises a question about its clinical relevance. 
Some evidences point out an association between this type of re-
flux and both symptoms and esophageal mucosa damage. The 
presence of bile components in nocturnal weakly acidic reflux is a 
fact.
34,46,47 From our laboratory, an experimental study showed 
that weakly acidic solutions containing physiological amounts of 
bile acids and pepsin could significantly increase the esophageal 
mucosa permeability.
48 Nocturnal sensitization of esophageal 
mucosa after exposure to damaging weakly acidic reflux might fa-
vor the occurrence of diurnal symptoms, including sour or bitter 
taste in the mouth.
49 A clinical role for weakly acidic reflux has al-
ready been suggested by the association between this type of re-
flux and both typical and atypical diurnal GERD symp-
toms.
26,47,50-52 Finally, the variability in reflux composition, in-
cluding weakly acidic events, might explain the difference in se-
verity of esophageal lesions in patients with similar amounts of 
acid reflux.
53
In conclusion, we reappraised nocturnal reflux using im-
pedance-pH monitoring in healthy subjects and GERD patients. 
Our main findings were the high predominance of weakly acidic 
reflux during the night in both controls and patients, the charac-
teristics of nocturnal reflux, including predominant liquid com-
position and higher proximal extent in GERD patients, and a pe-
culiar time distribution of weakly acidic reflux as a late phenom-
enon, pointing to the need of further studies to address the clin-
ical relevance of nocturnal weakly acidic reflux. We also demon-
strated that impedance monitoring could assess patterns of Fernando Fornari, et al
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esophageal activity associated with nocturnal reflux, precluding 
the need for a sleep laboratory. Accordingly, impedance-pH 
monitoring might be useful to evaluate pre-reflux esophageal ac-
tivity and post-reflux poor esophageal activity associated with 
prolonged acid clearance. Further studies with this methodology 
are needed to clarify the relation of weakly acidic reflux with noc-
turnal symptoms and possible differences between patients with 
erosive and non-erosive reflux disease.
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